All across the United States, all year round, children play with soccer goals. The average age of children who interact with goals ranges from 5 to 18 years of age; although many adults utilize soccer goals as well.
In most instances the goal is located at a public park or school. This requires the goals to be moveable. The portability of the goal is to allow for storage, grounds keeping and game placement -to name a few. This requirement dictates that the goal be light weight enough to be moved by the people using it, or the entity which controls it. Therefore, an unrestrained, light-weight goal can easily become unstable and tip over. Many of these goals are unsafe because they are improperly designed, manufactured or installed (unstable and are either unanchored or not properly anchored or counter balanced) 1 . A U-10 soccer goal has been designed and built which is light weight, portable and is stable with or without anchors. This design is passive in nature. That is to say it is always working and does not rely on stakes or sandbags; however, stakes are part of this design . ‡
PROBLEM STATEMENT
The majority of U-10 soccer goals are constructed of steel, typically weighing from 150 to 500 pounds. Serious injuries and deaths are a result of blunt force trauma to the head, neck, chest and limbs of the victims. In most
INTRODUCTION
There are approximately 500,000 soccer goals in the United States. Many of these soccer goals are unsafe because they are improperly designed, manufactured or installed (unstable and are either unanchored or not properly anchored or counter balanced) 1 . These soccer goals pose an unnecessary risk of tip-over to children who climb on goals (or nets) or hang from the crossbar.
The U.S Consumer Product Safety Commission (CPSC) knows of four deaths in 1990 alone and at least 21 deaths during the time frame of 1979-1994, associated with moveable soccer goals. In addition, an estimated 120 injuries involving falling goals were treated each year in U.S. hospital emergency rooms during the period 1989 through 1993. Many of the serious incidents occurred when the soccer goals tipped over onto the victim 1 .
DESIGN DESCRIPTION
A U-10 soccer goal has been designed and built which is light weight, portable and is stable with or without anchors (Photo 1).
Photo 1 -Author's Design
This design incorporates the use of aluminum § and carbon steel ** to provide structural rigidity. This design does utilize the ANSI required stakes (Photo 2), but does not need them for general stability purposes.
Photo 2 -Tethered Stake (s)
The goal is stable during normally expected uses, transportation of the goal and reasonably foreseeable misuses.
The goal is constructed in such a way as to place the heavier material (steel) at the rear and the lighter material (aluminum) at the front. This feature makes the front of the goal as light as possible while adding weight to the rear as a counter-balance. Specifically, the rear crossbar along with the two bottom side bars are steel. The two vertical uprights and the front crossbar are aluminum. Lastly, the two side tubes, which connect the vertical uprights to the two bottom side bars are made of light gauge steel (Fig. 1) . § .125 wall, 6061-T6 ** 11 GA wall, ASTM A-500 Grade B Fig. 1 The aforementioned tubes provide rigidity in connecting the upper/forward sections to the lower sections. This design feature is what allows the lightweight materials to be successfully utilized. The dissimilar materials, aluminum and steel, are joined with steel gusset plates with bolt thru fastening. This fastening method defeats vandalism by incorporating nylock nuts and tamper-proof bolts. Only personnel with the appropriate tool would be able to disassemble the goal. The bolt together construction aids in assembly, maintenance and seasonal (optional) disassembly of the goal (Fig. 2 ).
Fig. 2
Handles have been incorporated into this design to facilitate the carrying of the goal. These handles have been placed on the lower side sections in such a location as to bias the weight of the goal rearward to minimize tipover during transportation. The construction uses Imron exterior paint on all steel sections and coatings at the interface of the dissimilar metals to prevent galvanic reactions.
DESIGN ADVANTAGES
• 
STANDARDS COMPLIANCE
ANSI: F2056-00 specifies safety and performance requirements aimed at providing for safer use of soccer goals and reducing injuries and fatalities. This standard addresses the risk of accidental tip-over or the pulling over of soccer goals 1 . The authors's design complies with the test described in the above standard section {5.1.3}: if the goal, when resting forward on its crossbar at its midpoint at a distance 12 inches from the field surface, exerts a load of less than 60 pounds (see Table 1 ; Fig. 3 ). This is especially important in that this very test would attempt to simulate the force onto a fallen individual.
Furthermore, the design complies with the construction aspects in that; all edges and corners are rounded, there are no pinch points or free spaces and the ground frame cross-sections do not extend outside of the uprights at the point where the ground frame meets the uprights; preventing any out of plane trip hazards.
ACCIDENT STATISTICS
The CPSC has compiled accident statistics associated with children and adults using moveable soccer goals. Since 1979 there have been at least 28 deaths and 38 serious injuries reported; all of which were a result of soccer goals falling over 3, 6 . In addition to fatal accidents, hospital emergency rooms treat 90-120 soccer goal related injuries each year 4, 7 . The chairman of the CPSC, Ann Brown, has gone as far as to state: "Moveable soccer goals are a hidden hazard to kids, who can be hurt or killed even if they are not playing soccer" 4 . The typical tip-over incident happens when a child or young adult climbs on or hangs from the crossbar of an unattended or improperly anchored soccer goal 5 .
FEASIBILITY STUDY
practicality, cost, engineering issues, manufacturability, market acceptance, prevention of accidents and reduction/elimination of injury.
There are a number of practical aspects to this design. Standard materials (aluminum and steel) were used for the construction. This leads to reliability and the expected life cycle of 5 years for the goal 1 . Additionally, it further enhances the design, manufacturing, and lowers the maintenance costs. These features usually lead to market acceptance. As far as safety, preventing or minimizing the tip-over hazard will prevent accidents and eliminate injuries.
With respect to cost, this goal was produced with retail priced materials and standard factory labor rates. Within these confines the goal was produced for under $800.00 each. This price is competitive to commercially available goals. Had the author used wholesale priced materials this cost would have been lower.
HAZARD ANALYSIS
There are four (4) general scenarios which provide a hazard with this type of goal:
• Jumping, climbing, hanging on the goal, etc., • Personal contact during use, • Wind loading/uneven surface, and • Moving the goal.
With each of these scenarios, as well as others not mentioned, the hazard is the potential for the goal to become unstable and tip over. This tip-over can lead to direct body contact and subsequent injury.
The most obvious reasons why the goals remain unanchored are that the stakes simply get lost, are not used, and/or it is too hard to drive them into the earth. In addition, in lieu of anchoring soccer goals with the proper stakes, sandbags are used instead; resulting in the sandbags slipping out of position and making the soccer goal unstable.
TESTING
The research and alternative design described in this paper stems from two recent accidents the author has investigated. In the first case the goal A was pulled over onto a 7-year-old boy; resulting in his death. In the second case the goal B made contact with a 17-year-old boy who, in celebration, jumped to touch the front crossbar. This caused the boy to unwittingly pull the goal down on top of him; becoming seriously injured.
Pull-Over Force
In each case, the author tested the required pull-over force along with the balance point of each goal A & B (see Fig. 4 & Table 2 ; Fig. 5 & Table 3 ). In both instances, the subject goals would tip-over with a force that is easily generated by a person within the age group specified by the manufacturer (see Appendix A). Additionally, it should be noted that an average adult can push and pull with a force exceeding 100 lbs. It is noteworthy to point out that in some tests of the author's alternative design, during a pull-over test (apply a force to the front crossbar), the goal slid forward instead of tipping over. This is largely due to the weight distribution of this alternative design. As this was discovered, the author designed a second version (scheme 2) which includes a 45 degree angle leading edge design of the two side bottom bars (Fig. 6 ). This scheme eliminates most of the "trip" that the goal must experience in order to tip over when pulled on.
Author's Design (Dynamic Testing)
A 180 lb. anthropometric dummy was placed at the center line of the front upper crossbar (Photo 3). As an additional test, a strap, pulled by a forklift, was attached at the center of the front upper crossbar (Photo 5).
While tethered to the ground, the forklift backed away from the goal imparting 256 lbs. of force on the crossbar. At this point the test was terminated as a result of the onset of plastic deformation to the crossbar (Photo 6).
Photo 6-Front Crossbar Flexibility
At no time did the goal become destabilized.
Impact Force
An impact test was conducted to establish the force with which a fallen goal contacts the ground from various heights.
Each goal was positioned at various heights and released. The front crossbar was allowed to impact an instrument which measured the impact force. This test would attempt to replicate the force that the crossbar imparts onto a body (Photo 7).
The express purpose for this test was to show the difference in impact force between a typical goal design and the author's design. As you can see from the data, the author's design impacts the ground with 27% to 36% of the force generated by the typical goal tested (Table 4) . One of the design considerations of the author's goal was to use aluminum for the front crossbar for counterbalance purposes. However, as a secondary benefit, this more flexible aluminum front cross-bar allows for deflection upon contact with a body, therefore, absorbing energy and reducing the impact force.
Additionally, with a flexible front crossbar, more energy is required to pull the goal over. As a result and due to the bars flexibility, a portion of the pull-over force going into the front crossbar is consumed. This fact is what contributes to its stability.
In both goal A and goal B there are no rear crossbars (Photos 8, 9).
This design puts the majority of the goal's weight in a plane formed by the two uprights and the forward crossbar. This in turn acts to destabilize the goal when that plane tips forward over center. This puts the majority of the weight out ahead of the goal's imaginary plane acting to pull it over to the ground.
CONCLUSION
1. The proposed alternative design uses standard materials and construction methods.
2. The goal provides greater stability than most goals commercially available.
3. The goal remains stable when exposed to reasonably foreseeable forces.
4. The goal remains stable when exposed to reasonably foreseeable misuses.
5. The goal remains stable when exposed to reasonably foreseeable uses.
6. The goal reduces/eliminates injuries associated with tip-over.
7. The goal passes an engineering proof test.
8. The goal is competitively priced compared to goals already in the market place.
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